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【論文の内容の要旨】 
With the soaring surge of the world population and desire for a higher standard of 
living, the energy and environment concerns have become two meat-and-potatoes issues 
in the increasingly developed human society. It is reported that the annual global 
primary energy consumption is 12 billion tons of oil equivalent (1 toe = 41.87 GJ) at 
present. The mass-consumption of fossil fuels have sped up the depletion of reserves 
and exacerbated the adverse effects on the global environment and climate, which have 
been the major academic, economic and political concerns worldwide. Therefore, much 
attention is being paid to developing alternative and renewable sources such as biomass, 
solar, wind, thermal, hydroelectric, etc. Biomass, as an enormous source of renewable 
carbon, can be produced abundantly by photosynthesis in nature (a vast amount of 170 
billion metric tons of biomass per year), and converted to fuels and value-added 
chemicals for the industrial application to replace the petroleum-derived synthetic 
routes through suitable conversion processes. In order to fulfill the development of 
green and sustainable society, appropriate selection of biomass-derived starting 
molecules and careful design of catalysts are indispensable. 
In this thesis, the author focused on the selective conversion of biomass-derived 
molecules to value-added chemicals and carried out the development of highly efficient 
supported metal catalysts. The main results are summarized as follows. 
In chapter 1, the selective oxidation of glycerol to dihydroxyacetone (DHA) over 
mesoporous silica (SBA-15) supported Pt and Bi (Pt-Bi/SBA-15) catalyst was 
investigated. High glycerol conversion (40.9%) with DHA selectivity (65.1%) was 
achieved at 303 K under 1 atm air in the base-free solution over Pt-Bi/SBA-15. CO 
chemisorption and TEM characterization revealed that Bi deposited on the step sites 
and terrace sites of Pt surface which could modify the catalytic activity. 13C-NMR 
analysis certified that glycerol could chelate with Bi through hydroxyl groups(-OH) to 
change the stereochemistry. DFT calculation confirmed that three hydroxyl groups of 
glycerol were captured by the Bi species, among which the secondary hydroxyl group, 
meanwhile, was interacting with the platinum surface resulting in selective oxidation of 
glycerol to DHA. Also, Bi ions displayed the promoting effect on the isomerization of 
GLD to DHA, further enhancing the DHA selectivity.  
  In chapter 2, the author designed an efficient bifunctional catalyst consisting of Pt 
nanoparticles (Pt NPs) and layered-Nb2O5 (L-Nb2O5) for selective transformation of 
glycerol to lactic acid (LA). The designed bifunctional catalyst efficiently catalyzed the 
one-pot conversion of glycerol to LA in water under an oxygen atmosphere without the 
use of any additives such as strong bases. Mechanistic studies revealed that glycerol 
was initially oxidized to DHA and GLD through dehydrogenation on Pt NPs. After the 
dehydration step catalyzed by acid sites on L-Nb2O5, the dehydrated intermediate 
pyruvic aldehyde was converted exclusively on Lewis acid sites, rather than a Brønsted 
acid, to produce LA through the Cannizzaro reaction. These experimental results 
represent the successful development of a binary catalyst consisting of metal NPs and 
solid acid, Pt/L-Nb2O5, for one-pot synthesis of LA from glycerol under additive-free 
conditions.  
  In chapter 3, the author describes synthesis of alanine (α-amino acid) by heterogenous 
catalyst, and firstly found that alanine (α-amino acid) was synthesized from glyceric 
acid over TiO2 supported Ru catalyst (Ru/TiO2). Anatase TiO2 supported Ru 
(Ru/TiO2_ana) was found to be the most efficiently produce alanine with the highest 
glyceric acid conversion (77.4%) and alanine yield (40.4%). Interestingly, rutile TiO2 had 
no promoting effect, indicating that TiO2 crystalline structure plays an important role 
in the conversion. The activity of dehydration of glyceric acid to pyruvic acid depended 
on not only temperature but also support. The reaction follows a dehydration-reductive 
amination pathway, with dehydration as a rate-limiting step. 
  In chapter 4, the selective hydrogenolysis of tetrahydrofurfuryl alcohol (THFA) to 
1,5-pentanediol (1,5-PeD) was investigated. The relationship between structure and 
catalytic performance was evaluated. The loading amount of WO3 significantly affected 
the yields of 1,5-PeD. Pt/WO3/ZrO2 with 5 wt% WO3 loading (coverage of ZrO2 with a 
WO3 monolayer: ca. 50%) exhibited the highest conversion of THFA and selectivity to 
1,5-PeD. The structural characterization of Pt/WO3/ZrO2 catalysts by X-ray diffraction 
(XRD) and X-ray photoelectron spectroscopy (XPS) revealed that WO3 was loaded as 
two-dimensional monolayer domains at lower than 10 wt% WO3 loading, and these 
domains covered most of the ZrO2 surface at 10 wt% WO3 loading. The W-(OH)-Zr sites 
at the boundaries between the WO3 domains and ZrO2 have an important role for the 
selective scission of the C−O bond of THFA to produce 1,5-PeD. 
